This paper assesses the potential impact of planting of eucalypt trees as a strategy to reduce poverty in a less-favoured area of the highlands of Ethiopia. Results from simulations with a bio-economic model for a lessfavoured case study area in the highlands are combined with survey data at community, household and plot level to assess how general the results of the bio-economic model are. Application of the bio-economic model shows clearly that land degradation, population growth, stagnant technology and drought threaten food security. Household welfare and land quality are deteriorating rapidly in the area and interventions are urgently needed to avoid human disaster. Planting of eucalypts on land unsuitable for crop production may substantially increase household incomes if market outlets for trees can be found. Tree planting will not have severe negative effects on food production or land conservation. A policy combining promotion of tree planting and conservation of cropland may achieve win-win benefits in terms of increased household incomes as well as more sustainable land-use. Analysis of survey data from the Amhara Region of Ethiopia reveals that there is a large area of land that is unsuitable for crop production located close to all-weather roads in the less-favoured areas of the region. Few trees 1 This paper reports part of the IFPRI/ILRI project 'Policies for Sustainable Land Management in the East African Highlands'. These two agencies have provided funds and logistical support for the work. The Norwegian Ministry of Foreign Affairs has provided funds for this research in the Amhara Region in Ethiopia.
have been planted on this type of land up to now. The past policy seems to have discouraged tree planting except on homestead plots that are more suitable for food crops.
INTRODUCTION
Poverty, low agricultural production, and natural resource degradation are severe interrelated problems in less-favoured areas of the tropics (Pender and Hazell 2000) . Almost 1.8 billion people live in less-favoured areas which include most of the semiarid and arid areas of Asia and Africa, the highlands of East and Central Africa, hillsides in Central America and Southeast Asia, and large portions of the humid tropics of Africa and Latin America.
Less-favoured areas have for long been neglected by policy-makers and technology development agencies. The International Food Policy Research Institute (IFPRI) has challenged the conventional wisdom that public investments in developing countries should emphasize investment in favoured areas. Based on a comparative advantage argument they asserted that specific types of agricultural and non-agricultural activities can generate high returns and contribute substantially to poverty reduction. A precondition is sufficient investment in infrastructure and local institutional capacity. More research is, however, necessary to investigate how great this potential is.
Stimulation of crop production through provision of credit for adoption of fertilizer has not been highly successful in less-favoured areas of Ethiopia, 2 however. This has led to increased interest in alternative activities, including tree planting although it is emphasized strongly that the trees must not replace food crops.
This paper reports the development of a bio-economic model for a 'lessfavoured', severely degraded, densely populated area with relatively favourable market access in the Ethiopian highlands, specifically Andit Tid in the Amhara Region. Even though the area is located near the main road between Tigray and Addis Ababa, market imperfections exist that reduce opportunities for productive land use in the area (Holden et al. 2001) . The bio-economic model has been used to assess the potential impact of promotion of planting of eucalypts on land unsuitable for crop production, on household welfare (poverty-reduction), agricultural production, conservation investments and soil erosion in the case study area. The suitability of this strategy for more general application in less-favoured areas in the Amhara Region of Ethiopia has been assessed using community, household and plot survey data.
The next of the paper presents a brief history of tree planting in Ethiopia, and especially in the Amhara Region. The case study area for the bio-economic model is then described. The basic structure of the bio-economic model is next outlined, including a description of how trees have been included in the model. Results of simulation experiments using the model are then presented. In the next section, survey data from the Amhara Region are analyzed to assess the relevance of findings from the case study for the less-favoured areas in this region of Ethiopia. Concluding comments follow.
TREE PLANTING AND DEMAND FOR TREES IN ETHIOPIA
Much of Ethiopia is already deforested, less than 3% of the land being covered by natural forest in 1989 (EFAP 1993) , and deforestation continues in areas where natural forest remains. The wood harvested far exceeds the incremental yield of forest resources, according to various sources (EFAP 1993 , TGE 1994 . Farm forestry contributes about 20% of the incremental yields of forest resources (EFAP 1993) .
During the Derg regime 3 tree planting was stimulated through industrial and periurban plantations and community woodlots. The community woodlots were implemented as centrally managed afforestation schemes in the 1980s. Many of them were partly cut down before or after they were handed over to local communities with the change of government in 1991.
The private sector was not encouraged to plant trees, the land tenure policy with frequent land redistributions created tree planting disincentives. Some private tree planting still took place, however, mainly on homestead plots (Mekonnen 1998 ). Mekonnen studied tree-planting behaviour of farm households in four locations in the Amhara Region, using survey data collected in 1996. He found that larger households, male headed households, households with heads with some basic education, and households with more livestock wealth were more likely to plant trees. Households with more male labour, households with more income, and households with a higher share of off-farm income were also more likely to plant trees (Mekonnen 1998) .
Biomass fuels, mainly wood, dung and crop residues, represent 90% of the total energy consumption in Ethiopia and 99% of the energy consumption in rural areas (EFAP 1993) . Wood provides about 62% and 66% of this energy in urban and rural areas respectively. Use of dung and crop residues also contributes to land degradation in form of nutrient depletion. If tree planting could reduce the use of dung and crop residues for fuels, this would have a positive indirect effect in terms of reduced land degradation. Mekonnen (1998) found, however, that woody biomass and dung are either complements or independent. Nevertheless, he found that fuel choice and mix are influenced by scarcity and concluded that a policy directed at reducing the relative price of wood and encouraging increased use of dung as fertilizer could reduce land degradation. Policies focusing on cooking habits and cooking technologies may also stimulate substitution from dung to wood for fuel.
The survey of communities, households and plots in the Amhara Region gave the following findings (see Appendix A for a description of the data). Although tree planting is common in the region, trees are mainly planted on homestead plots or a few scattered ones on field plots. Private woodlots are not common, and tree planting on field plots are generally not allowed, since they can interfere with the government's policy of land redistribution. In addition, eucalypt trees, the species most favoured by farmers, are highly discouraged on field plots (mainly reserved for food crops), because of the belief that this species has negative impacts on the plots and crop yields, although the evidence is unclear. Table 1 summarises characteristics of the plots on which trees were located. Trees were classified as 'planted' or 'natural', if the farmer planted them or if they were already on the plot when the farmer obtained the plot, respectively. About 26% of all the plots had trees (natural or planted) on them. Planted trees were found on 12% of all plots, but were more likely to be found on homestead plots. This suggests farmers' prefer planting trees on plots that are closer to the home so that investments can be easily monitored and protected. However, this may also confirm the discouragement of planting trees on field plots and the higher tenure insecurity on field plots. There were also differences in the soil characteristics of plots with trees, compared to those without trees. In general, farmers reported higher fertility levels and lower erosion problems associated with plots on which trees were located. This indicates that trees have been planted on land suitable for food crops since trees were planted more on homestead land, which also tends to have more manure applied and be flatter. Compared with the averages for all plots, those with trees were located more in high agricultural potential areas and in villages with higher rainfall, lower altitude, lower population pressure and better access to the wereda (district) market.
There were also differences between households involved with tree planting and other households. Compared with the averages for all households, those involved with tree planting activities had more members and higher proportion of males, suggesting the high labour requirements associated with tree planting activities. However, tree-planting households were also headed more by females and had lower educated household heads. These two associations may be interrelated, because in Ethiopia females tend to be less educated. However, these associations may also reflect the effort of females in tree planting for fuelwood, given that they are primary gatherers of fuelwood in Ethiopia. The most important difference between treeplanting households and others was access to markets. The distance in walking time to the nearest market or all weather road was up to 30% less for tree-planting households, compared to the average for all households (Table 2 ). This suggests the importance of market access in the success of promoting tree planting activities.
There were several types and varieties of tree species, whether planted or natural, and trees had many functions and benefits. Table 3 reports the number, species, uses and benefits of planted trees found on each plot. 4 There were 169 plots with planted trees, averaging 15 trees per plot. Eucalypt species formed the largest single group (36%) of the planted trees. Fruit trees accounted for 7%, while the traditional acacia species accounted for only 3%. Most of the trees were planted to provide materials for building construction and household fuel, and making farm implements (components of the traditional ox plough). Together, these uses accounted for 49% of all the uses of trees. Trees were also important for shading (especially for livestock), windbreaks, and food (fruits). Harvesting of trees for timber products occurred on less than 30% of the 169 plots. Poles were the main product of trees, and an average of 62 poles per plot (returning 176 ETBirr per plot) were harvested, over the 33 plots on which any harvesting of poles occurred. Collection of fuelwood was also important, returning about 38 ETBirr per plot for the 50 plots from which fuelwood was collected. Community woodlots were also common, occurring in one-half of the communities (Table 4) . Comparing biophysical factors, population pressure and market access, it seems that the size of the community and market access are the most distinguishing factors between communities with and without communal woodlots. Compared to the average for all communities, those with woodlots are smaller in size, closer to an all weather road, and farther from markets (local and districts).
THE CASE STUDY AREA FOR THE BIO-ECONOMIC MODEL
The case study area for the bio-economic model, Andit Tid, is located in the lessfavoured areas of the Amhara Region, approximately 60 km east of Debre Berhan, along the main road between Addis Ababa and the Tigray Region. This implies that the market is reasonably accessible. The area is classified as belonging to the low potential cereal-livestock zone and the land is severely degraded. It is a high altitude area (> 3000 m.a.s.l.). The area is located in two altitude zones, namely the dega zone (< 3200 m.a.s.l.) and wurch zone (> 3200 m.a.s.l.). The average annual rainfall is 1336 mm distributed over two growing seasons, the meher season from June to November and the belg season from January to May. Droughts have not been common in the area till recently when the belg rains failed in two consecutive years (1999 and 2000) . Hailstorms and frost have, however, frequently damaged crops. The human population density was estimated to be 145.5 persons per km 2 in 1986 against the average of 61 persons per km 2 for the Ethiopian highlands (Yohannes 1989 ). The population density was about 230 persons per km 2 cultivable land. The population growth rate was estimated to be 3.0% per year, indicating a high and increasing population pressure in the area.
Production of crops and livestock is well integrated in the area. Oxen are the dominant source of traction power. Hand cultivation is used only on very steep slopes inaccessible by oxen. Animal manure is used for fuel or as fertilizer on crops. Sale of animals is an important source of cash income. Crop residues are used as animal fodder. Fodder is otherwise obtained from fallow land and grazing land but only a small share of this (5%) is from communal land.
The case study area has no access to long-term credit, and farmers may not feel secure that they will obtain the benefits from their tree planting efforts (Holden and Shiferaw 2000) . The land redistribution in 1997 may have undermined the feeling of tenure security and reduced the incentives to plant trees. Poverty, credit constraints and lack of access to tree seedlings may be other reasons for under-investment in tree planting compared to what would be socially optimal.
The main reasons for selecting this case study area for bio-economic modelling was the unique availability of both biophysical and socio-economic data covering more than 15 years. Collection of biophysical data commenced with the Soil Conservation Research Project (SCRP) when a field station was established in 1982. These data include soil erosion records at plot and watershed levels, yield measurements, results of conservation technology experiments, soil chemical and physical analyses, and meteorological data. Household surveys were conducted in 1986, 1993-94, 1997-98 and 1999-2000 . These surveys included detailed data collection at farm plot level. The data provided a unique opportunity to analyze carefully the relationship between population pressure, poverty, land degradation and conservation, household production and welfare, including food security.
THE BIO-ECONOMIC MODEL
This model is an extension of that used by Holden and Shiferaw (in press) to analyse the impact of land degradation, drought and price risk and the suitability of the standard fertilizer-credit extension approach, in the study area. The model was extended to allow assessment of alternatives to the traditional fertilizer-credit development strategy, in the form of stimulation of tree planting on land unsuitable for crop production. While the previous model has a five-year planning horizon, these new version simulates management policies over 10 years.
A simple conceptual representation of the model is presented in Figure 1 . (A more detailed technical description is provided in Holden and Shiferaw (in press)). Households are assumed to maximize their welfare (measured as utility of certainty equivalent full income) subject to a number of constraints. For example, land degradation in the form of soil erosion and nutrient depletion is endogenous in the model, being affected by household production and investment decisions. Soil erosion affects soil depth, which affects yields and output in following years, which in turn affect income and welfare. Weather risk affects production as well as prices and this may also affect production decisions. Households make production decisions based on expectations about prices and output and the risk involved. Imperfections in markets (limited access, high transaction costs) affect production decisions and cause non-separability of production decisions from consumption decisions. Population growth affects both the labour force and household welfare, with more people sharing the outcome of a constant land area that is affected by land degradation. This leads to a Malthusian development path when technology, prices and other exogenous factors are constant. This poverty-environment trap can only be broken through availability of new technologies, improved access to markets and better investment opportunities.
The model is a dynamic optimisation model, programmed in GAMS, which has 79,000 variables and 46,000 equations, and is non-linear in constraints and objective function. It has been calibrated to the biophysical and socio-economic characteristics of the case study area. Results are presented for the dominant household group with two or more oxen; this group farms nearly 70% of the land in the study area.
Treatment of Trees in the Model
The surveys revealed that farm households in the area are not willing to plant trees on land suitable for crop production but are positive towards tree planting on land unsuitable for cropping. The potential of this option to improve household welfare is therefore what was explored with the bio-economic model. Indirect effects on agricultural production and incentives for conservation, considering the income effect and possible competition between alternative uses of family time for agricultural production -including conservation, tree production, non-farm employment, and leisure -were also included. Alternative ways of promoting tree planting were not assessed. Instead, the constraints to tree planting have been removed and a stable tree rotation has been assumed established, given that it is profitable. Therefore, it is the potential contribution of trees to household income and the impact such production may have on other production and conservation activities that are assessed. Tree planting is only allowed on steep slopes and shallow soils unsuitable for crop production, this land being defined as 'land suitable for tree planting'. Almost all land in the densely populated Andit Tid has been distributed to individual households. The average area of steep and shallow lands is 0.45 ha per household. The average area planted with trees is only 0.09 ha per household. It should therefore be possible to increase the area planted with trees from 3.3% to 18.2% of the average farm size without using land that is suitable for crop production. The high elevation in Andit Tid causes the time from planting to harvesting of eucalypts to be as long as 12 years. The average price of harvested trees was 12 Birr in 1998. This is substantially below the lowest price of 17 Birr used by Jagger and Pender in their study in Tigray, even though Andit Tid is located along the main road between Addis Ababa and the Tigray Region. It is assumed there are no marketing constraints and that farm households may sell all the trees they produce at the 1998 price. However, a small transportation cost for trees of 0.5 Birr per tree is included. A planting density of 5000 trees/ha and a survival rate of 60% are assumed. Additional ecological benefits and costs of eucalypt planting are not included in the model because these are highly uncertain and complex and it is not clear whether the net effects are positive or negative (Jagger and Pender 2000) . Figure 2 illustrates the potential impact of planting of a stable rotation of eucalypt trees on land unsuitable for crop production in Andit Tid. In this case it is assumed that households have unconstrained access to off-farm employment. The simulations reveal that planting of eucalypts on land unsuitable for crop production can increase household income substantially. This is in line with what has been found in other studies. Even though land for crop production is not used for tree planting, growing of eucalypts reduces self-sufficiency in food production to some extent (as can be seen in Figure 2 ). This is mainly due to higher demand for food when income is higher. Planting of trees has little impact on incentives for conservation of land used for crop production and therefore has little impact on total soil erosion on farms. Growing of trees reduces the demand for off-farm employment because the return from tree growing is much higher than the wages in the labour market for unskilled labour.
RESULTS OF SIMULATION EXPERIMENTS
It appears that stimulation of planting of eucalypts may be a promising policy option for degraded drought prone areas in the Ethiopian highlands provided that market outlets can be found. Interventions may be necessary to promote this through stimulation of seedling production, mobilization of labour and identifying suitable areas.
Finally, the combined effects of Food-For-Work (FFW) projects 5 to promote land conservation and planting of eucalypts, in the case with unconstrained access to offfarm employment, and when conservation investment reduces initial yields, were simulated. The results are presented in Figure 3 . The impact of FFW on income is small compared to the planting of trees when access to off-farm employment is constrained. This indicates that the payment through FFW is only marginally higher than the local wage rate observed in the area while the return to labour in eucalypts growing is considerably higher. When tree planting is included, FFW also stimulates land conservation and reduces soil erosion. Combination of tree planting and FFW for conservation therefore appear to produce superior outcomes, with substantial increases in household income and conservation of cropped land. The analysis has not, however, taken into account the external costs of stimulating tree planting and using FFW.
RELEVANCE OF THE RESULTS OF THE BIO-ECONOMIC MODEL
There is a need to scale up or to assess the general relevance of the findings in the simulations for the case study area. The case study area was initially selected by the Soil Conservation Research Project to represent a severely degraded low agricultural potential area in the Ethiopian highlands. Survey data from the less-favoured areas of the Amhara Region in Ethiopia have been used to assess whether the model results are of general relevance there. First, the survey data are used to estimate the area of land that farm households own which is unsuitable for crop production in the less-favoured areas of the Amhara Region (steeply sloping, shallow soils, severely eroded and infertile lands), because these lands may be planted with trees without replacing crop production (to minimize competition between tree planting and food crop production). Secondly, land is divided by distance to road, where land more than 30 minutes walk from an all-weather road is assumed to have less potential for tree growing for sale. As indicated in Table 5 , 31% of the land is located within a distance of 30 minutes walk from a road. Furthermore, as much as 47% of the land falls in the category of being suitable for tree planting because of either shallowness of the soil, steepness, severity of erosion or general low fertility. About 24% of this land is located within a distance of 30 minutes walk from a road. This implies that 11-12% of the land in the less-favoured areas in the region may be suitable for tree production for the market. The distribution of distances of household residences to all-weather roads where trees have been harvested and sold in the region is presented in Table 6 . Most of the trees sold were located close to the residence of the households. This may be due to the past policy that indirectly encouraged tree planting on homestead plots (by discouraging private tree planting on other plots). Tree products were sold from plots even at a longer distance from a road than 30 minutes walk (in local markets) so this distance may not be an absolute requirement. The distribution of actual tree planting in the past as compared to the land identified as suitable for tree planting based on the plot level survey data is presented in Table  7 . As much as 60% of the trees have been planted on land suitable for crop production. Only 6% of the land that was identified as suitable for tree planting has actually been planted with trees in the less-favoured areas of the region. This shows that much of the tree planting in the past has been in conflict with crop production while trees have only been planted to a small extent on land unsuitable for crop production. Scope therefore exists for policy improvements by stimulating tree planting without negatively affecting food production, as indicated by the model simulations. Overall, only 7% of the land has been planted with trees. The tree density on the land planted with trees is also relatively low. 
CONCLUSIONS AND RECOMMENDATIONS
Eucalypt trees can be a suitable technology for less-favoured lands in the Ethiopian highlands. If farm households are allowed and stimulated to plant eucalypts on their private land that is unsuitable for crop production in locations where the tree products can be marketed, the income they may obtain from selling of trees can contribute substantially to poverty reduction in these areas. Household incomes can be increased by 200 ETBirr per capita in the case study area and this is an income increase of about 30%, when the trees are planted on less than 20% of their land and less than 10% of this land is harvested each year (under a 12-year rotation). The high elevation in the case study area causes tree growth to be slower than in most of the less-favoured areas so it may be possible to harvest even more frequently in many places. Tree planting was found to have little negative effect on agricultural activities and conservation incentives. Food-For-Work activities to stimulate conservation may be a useful complementary policy instrument that could also be used directly to stimulate tree planting on private land. Tenure insecurity and high discount rates due to poverty and market imperfections may otherwise cause underinvestment in tree planting. One may argue for state intervention to stimulate tree planting not only on the basis of a poverty reduction perspective but also from a global environmental perspective, as a cost-effective way to contribute to carbon sequestration. Survey data from the Amhara Region reveal a large area of land that is unsuitable for crop production and therefore suitable for tree production. Much of this land is also located near all-weather roads and little of it is currently planted with trees. So far, most of the tree planting has taken place on homestead plots on land suitable for crop production. Past policies seem to have contributed to this. For example, land redistributions may have created tenure insecurity that discouraged tree planting in general and on plots other than the homestead plots in particular. Provision of secure long-term tenure rights, distribution of seeds and extension advice on eucalypts planting, identifying areas particularly suitable for this activity, and arranging FFW activities in close collaboration with the local communities, are important instruments that the regional government institutions should consider.
